According to Champ et al. (1997) , we have to differentiate between willingness to pay (WTP) and willingness to donate (WTD) in eliciting individual preferences for public goods. Because strong incentives exist to understate the willingness to spend on the public good and to freeride on other people's contributions, WTP forms the upper limit for WTD. This paper presents an experimental study on the size of the gap between WTP and WTD in the context of green electricity promotion, where making electricity markets ''greener'' can be interpreted contributing to the public good "environmental quality". Our theoretical model is based on the impure public good model Sandler, 1984, 1994). It enables us to directly investigate the extent of free-riding in the sample. In the individual-choice scenario, subjects are induced to act as market participants and thereby reveal their WTP, while the public-choice scenario is designed as a majority vote on the preferred level of green electricity. Since free-riding is impossible, the latter treatment reveals subjects' WTD. The data analysis reveals a strong treatment effect concerning the decision mode: under the public choice treatments, participants were willing to pay about three times higher contributions to green electricity than under the individual choice treatments. This observation highlights the large extent of free-riding in the private provision of the public good "environmental quality".
Introduction
Concerned with the elicitation of values for non-market goods experimental methods have increasingly become part of economic theory. Because experiments involve choices facing real trade-offs when subjects are asked to state their willingness to pay, experiments tend to increase the validity of results as compared to other methods such as contingent valuation surveys. Among others, Cummings and Taylor (1999) and List (2001) have shown that the hypothetical bias can be eliminated by using a cheap talk design, i.e. making the bias an integral part of the experiment. Given a definition of property rights and assuming only minor income effects, classical utility maximizing models suggest that changes in the provision of public goods can be equivalently elicited either as measures of willingness to pay (WTP) for consuming the good in question or as willingness to accept (WTA) to forgo the increase in the provision of the public good. (Taylor 2006) . However, a bulk of theoretical and empirical literature highlights disparities between WTA and WTP measures. In a review of studies Horowitz and McConnell (2000) supported the hypothesis that WTA is usually substantially higher than WTP for a large variety of goods. They found that this disparity is highest for non-market goods, compared to ordinary private goods or experiments involving forms of money. Theoretical explanations for these disparities have been presented in terms of behavioral effects such as endowment effects, part-whole effects or loss aversion.
1
Another important theoretical dimension of elicitation methods relies on the payment method and the scenario under which participants derive their choices. In evaluating the provision of public goods the general problem arises, that expected benefits will be consumed by the society as a whole and it is not possible to exclude certain individuals from consuming it.
Textbook economics would predict that private provision leads to an inefficiently low level of the public good as people can free-ride on other people's contributions (Roberts, 1987) .
Likewise, the neutrality hypothesis (Bergstrom et al., 1986) holds that people perceive tax financed government grants for the support of green electricity as perfect substitutes for their own contributions. Therefore, government grants are expected to completely crowd out private spending on green electricity. More recent research suggests, however, that spending 1 It has been demonstrated, for example, that the WTP for a good can vary depending on whether it is evaluated on its own or as a part of a more inclusive category (Kahneman and Knetsch 1992) . To give an example, Kahneman (1986) reported that the WTP of Toronto residents to prevent a drop in fish population in all Ontario lakes was only slightly higher than the WTP to preserve the fish stock in only a small area of the province. Furthermore, it may make a difference whether preferences are assessed using choice or pricing tasks. Task induced preference reversals, also called response mode biases, elicitation effects, or task effects, can be attributed to the prominence hypothesis, that is, ''people tend to choose according to the more important dimension'' (Tversky et al. 1988, 372) . on a public good like green electricity creates an extra benefit apart from the consumption of improved environmental quality, namely, the so-called "warm glow of giving" (Andreoni, 1989) , that is, a direct benefit which arises from the act itself of contributing to the public good. The warm-glow effect, thus, may help to understand why people are willing to spend on public goods at all. However, according to Champ et al. (1997) in empirical studies one has to distinguish between two different cases of contribution, i.e. a participant's willingness to pay (WTP) and his or her willingness to donate (WTD). The former is elicited in some kind of public-choice scenario and refers to the case where it is impossible to free-ride on contributions of others. As long as the decision derived in the public choice scenario is valid for all participants and the costs are shared equally, it is individually rational for each participant to state the WTP that reflects his or her true monetary valuation of the public good.
Contrasting, in the individual-choice scenario, free-riding cannot be prevented. Ultimately, all participants jointly consume the same level of the public good though they fix their contributions individually. Hence, strong incentives exist to understate the willingness to spend on the public good and to free-ride on the contributions of the other participants.
Obviously, WTP forms the upper limit for WTD.
In a previous paper Menges et al. (2005) tested for the presence of ''warm glow'' motivations in the WTD for electricity generated from renewable energy sources. Since the positive environmental impact of green electricity in terms of reduced emissions is consumed jointly, individual contributions to make the electricity system ''greener'' are interpreted as a contribution to a public good. The results of this study support the impure altruism hypothesis, that is, individuals benefit from both contributing to environmental quality and its current level when opting in favor of green electricity. Menges et al. conclude , that it seems rather unlikely that purely private provision of environmental quality will attain the social optimal level since private contributions are not perceived as a perfect substitute for public support of green electricity. Moreover, impure altruists like pure altruists may have an incentive to veil their true WTP and to behave as free-riders. In this paper we directly investigate the extent of free-riding by comparing WTD and WTP. Again, we refer to the case of green electricity, where real life contributions of individuals can be interpreted in terms of both, WTD as well as WTP. The experimental design involves two scenarios: individualchoice scenario and public-choice scenario. In the individual-choice scenario, survey participants reveal their preferred individual level of green electricity consumption, given a specified level of public support. In the public-choice scenario, participants are asked to determine a level of green electricity to be valid for the whole society. In this scenario, the participants may be regarded as voters, with the preferred level of green electricity representing the majority vote.
Although in the last years WTP for green electricity increasingly became an object of empirical research, the problem of diverging WTP and WTD, representing the relationship between market driven and policy driven provision mechanisms, is not directly addressed. Longo et al. (2008) , for example, explicitly assume that the extent of free riding behavior in choice experiments is limited. They highlight that electricity consumers are willing to pay higher prices for green electricity, motivated by the whish to internalize the external costs caused by the production of conventional electricity. Using a contingent valuation survey, Wiser (2007) found that respondents state a somewhat higher WTP for green electricity, when confronted with a collective payment mechanism compared to situations, where voluntary payment mechanisms are used. Form this observation he draws the conclusion that there is a need to include social factors in understanding choice behavior when public goods are involved. Similarly, Ek and Söderholm (2007) state that perceptions about others' behavior in general affect individual payments for green electricity, complemented by an explicit social influence.
The paper is organized as follows. In the next section, we point out our model and derive the basic structure of decision scenarios. In section 3 we give a description of the experiment.
Section 4 presents the results of our study. The paper concludes with some final remarks in Section 5.
The Model
In this section, we present our model. Its theoretical base is formed by the impure public good model Sandler, 1984, 1994) , where spending on a private activity is assumed to jointly produce a private and a public good. Here, we will follow Andreoni's (1989) interpretation of the Cornes-Sandler model in that the private activity is a voluntary or compulsory contribution to a public good (environmental quality). The private by-benefit arising from contributing to a public good has been labeled "warm glow of giving". Hence, the model can explain voluntary contributions to a public good not only on "altruistic" terms (utility that arises from the public good) but also on "warm glow" terms (the utility that arises from the contribution), the mixture of both motives being called "impure altruism". Though the basic model setup is the same for both, we will distinguish between two contribution scenarios, the public-choice scenario (PCS) eliciting willingness to pay (WTP) and the individual-choice scenario (ICS) eliciting willingness to donate (WTD). 
Public-choice Scenario
Let and denote the producer prices of conventional electricity (generated from fossil resources) and green electricity (generated from renewables), respectively. For conventional electricity, we assume constant marginal production costs and, hence, a constant producer price. The producer price of green electricity, however, is assumed to be higher than the producer price of conventional electricity. Modelling a stylized supply function, we assume that the producer price of green electricity increases with increasing share in total electricity generation:
where
, denotes the favored share of green electricity in total electricity generation and 0 α ,
, the statutory share. 3 Stating the preferred green-electricity share will be the subjects' decision task in the experiment.
In order to keep things as simple as possible, we presume that government promotes green electricity by means of a tax financed subsidy that equates the consumer prices of green and conventional electricity. We consider two possibilities, a direct tax τ that is levied from all consumers, and an indirect tax that is added to the price of conventional electricity. The subsidy required in order to fully align both prices is given by
where x is a household's electricity consumption and there are n identical households in terms of electricity consumption. 4 In case of a direct tax, the consumer price for electricity is given by and the household's tax burden amounts to Menges et al. (2005) only consider the individual choice scenario. 3 It is straightforward to show that the price of green electricity increases at an increasing rate in the share of green electricity in total electricity generation, an assumption that appears most plausible without, however, implying the chosen functional form. 4 Though households are assumed to be identical with respect to their endowments, they might differ in their preferences as to the share of green electricity. We nonetheless suppress a household index.
, respectively. Obviously, both formulations are mathematically -but not necessarily psychologically -equivalent and yield gross electricity cost for the household
or, after plugging (1) into (4) 
Like any other household, the median voter's household is assumed to maximize an additive separable utility function
which is strictly increasing in its arguments. The three arguments of the utility function are: 
The cost difference between statutory and preferred share of green electricity will be referred to as "contribution to the environment" in the following. For the "warm glow", we have
Environmental quality is assumed to increase in the share of green electricity in total electricity generation:
where . 0 > α G As noted before, individual cost-benefit calculations with respect to maximizing the utility function (6) have to be treated differently with respect to the decision scenario. In the PCS, each household states the share of green electricity that it prefers to be applied to all households. The effective share is then determined by majority vote. Accordingly, the median voter's maximization problem is given by
Maximizing (11) with respect to P α subject to the restriction that it must not fall short of the statutory share yields the optimum condition
that is, the marginal cost of increasing the share of green electricity in terms of waived consumption is equated with the marginal "warm glow" and the marginal increase of environmental quality. In the case that the marginal cost is considered as too high even in the initial situation, the subject will state 0 = P α .
Individual-choice Scenario
In the individual-choice scenario, each household individually decides on the share of green electricity in its electricity consumption I α , given the statutory share 0 α . We only consider household I's decision problem and assign the index "-I" to all other households. For the first argument of the utility function, we have:
The "warm glow" component is given by
Environmental quality depends on the weighted sum of preferred shares of green electricity in the households' electricity consumption:
For large n, the contribution of a single household to environmental quality is 
yielding, under the assumptions made, the first-order condition
Hypotheses
Rewriting both first order conditions gives
for the ICS, and
for the PCS, respectively, where
In the ICS, the household equates the marginal rate of substitution ( ) between private consumption and consumption of "warm glow" with the marginal rate of transformation
MRT ) between both "goods" (the relative price between spending on consumption and spending on green electricity being unity). In the PCS, the household analogously equates with P MRS MRT plus an "altruism" term capturing the positive effect of increasing environmental quality. Since this term is unequivocally positive, must be greater than . Hence, spending on private consumption must be lower and spending on environmental quality must be greater than in the individual-choice scenario.
P MRS I MRS
Henceforth, we will call the amount of money that the household is willing to spend on green electricity in the optimum of the public-choice scenario WTP and we will call the contribution that the household is willing to make in the individual-choice scenario WTD.
The gap between both measures is purely driven by free-riding: In the PCS, nobody can escape his or her obligatory contribution to environmental quality whereas in the ICS households effectively maximize their utility for a given level of environmental quality.
Since private consumption is lower in the PCS than in the ICS, the model implies 0 , :
Equating (22) and (23) and solving for I α shows that H1 is fulfilled if
Furthermore, we hypothesize, as outlined in the introduction, that households are susceptible to fiscal illusion. Hence, in the scenarios involving a direct tax WTP and WTD are expected to be lower than in the scenarios involving an indirect tax:
The Experiment
The present paper aims at measuring the extent of free-riding caused by the public-good nature of green electricity consumption and the impact of different payment vehicles on individual spending. Free-riding is tested by comparing WTP and WTD stated in the PCS and ICS, respectively. Each scenario includes two different payment vehicles for green electricity 5 in order to test for fiscal illusion: A direct tax (DT) that is levied from all consumers and whose revenue is used to subsidize green electricity, and an indirect tax (IT) that is "hidden" in the electricity price. We call a combination of a scenario and a payment vehicle a treatment in the following. Accordingly, our 2 x 2 design comprises four treatments altogether: {(PCS, DT), (PCS, IT), (ICS, DT), (ICS, IT)}. Using a random device, subjects were exclusively assigned to one of the four treatments, that is, all results are reported in terms of a betweensubjects analysis.
The experiment and the post-experimental questionnaire were fully computerized.
Participants were randomly drawn visitors of shopping malls who were offered 5 € in case of taking part in a survey of about 15 minutes. Potential participants were also told that one of ten participants is randomly selected for winning a lottery prize of up to 250 € whose magnitude crucially depends on the individual's choice on the share of renewable energy.
Basically, the higher the selected share, the lower would the potential individual lottery prize be. Hence, there was a real trade-off between a participant's own payoff to be earned in the experiment and an environmental contribution whose size depends on the individual preference for renewable energy and that is transferred to an environmental organization.
First, participants drew a lottery ticket and then were briefly taught how to use the headphones and notebooks placed in the field lab consisting of five work places. All further instructions were given by headphones. As soon as a participant had answered all questions, the lottery was started, where all winner tickets had previously been determined by a random device. In addition to the allowance of 5 €, winners received their individual payoff.
Furthermore, the participants were requested to determine the environmental organization that receives the environment contribution. 6 Altogether, 1,160 € were paid to the 232 participants as allowances and 4,365 € to the 23 winners of the lottery. The average payoff was 23.81 €.
1,385 € were donated to environmental organizations.
Of course, it is neither possible to affect the actual nationwide level of green electricity generation nor to offer "real" electricity contracts in the experiment. Potentially resulting hypothetical biases are minimized in that the described incentive mechanism is accompanied by "cheap talk". That is, participants get informed intensively about the hypothetical nature of the task, but are, nevertheless, requested to behave exactly as if the situation was real. Cheap talk has been shown to effectively eliminate hypothetical bias by Cummings and Taylor ( 1999) and List (2001) . Furthermore, we were interested in the "marginal effects" caused by the variation of the treatment variables (scenario and payment vehicle) rather than the absolute levels of preferred environmental quality.
Experimental Design
A 3-digit number imprinted on the lottery ticket determined the treatment to which the participant was assigned. Case numbers can be taken from Table 1 . In all treatments, each participant acted as a price taker and started with a given budget displayed in Table 2 .
Both budget and electricity consumption depended on household size h. Figure 1 , which refers to the PCS/DT treatment. First of all, participants stated their household size h that uniquely determined the household's annual budget and its average annual electricity consumption in kWh ("Stromverbrauch"). The figures stated on the screen were computed using the formulas stated in the model section and the household-specific data listed in In the ICS, the national level of green electricity was fixed at the initial value of 10%.
If a participant increased the quantity of green-electricity consumption in his or her personal electricity contract, , the price effect was negligible at the national level. Hence, the only monetary consequence was an increase of the participant's electricity bill due to the replacement of conventional electricity by unsubsidized green electricity.
I a
The incentive mechanism induced our participants to reveal their true WTP or WTD.
In all four treatments, the extra costs of increasing the individual or national level of green electricity consumption were stated in the box "Umweltspende" (contribution to the environment). The participants were told at the beginning that one of ten participants would be randomly selected for payoff. If a participant was selected for payoff, he or she immediately received
• either (if he or she was assigned to the ICS) the amount that was listed in the field "Ihre Auszahlung" (your payoff) h π • or (if he or she was assigned to the PCS) the amount that resulted from the median voter's decision. 8 If the median voter set
, the contribution to the environment was given by the extra costs of 9.92 (10) € and his or her payoff was 240.08 (240) €.
7 Note that the cost increase was calculated for every participant as if all other participants had the same household size. This proceeding was necessary for technical reasons, because it was not possible to let all up to 58 participants in each treatment decide simultaneously. Since the marginal cost function was increasing in the quantity of green electricity consumed, this simplification had the effect that small (large) households underestimated (overestimated) the costs of promoting green electricity at the societal level. 8 If right the first participant was selected for payoff, the majority vote was conducted by means of computersimulated additional players.
The Post-experimental Questionnaire
After having finished the decision task, the participants were asked to express their attitudes and opinions concerning three groups of energy policy issues. 9 Before answering these questions, participants are presented some basic facts in order to define the object of interest, thereby securing a common basis of information. First, addressing more general attitudes towards electricity markets, participants have to state their acceptance or denial towards the following topics: the current system to support renewable energy, the liberalization of electricity markets and the announced phasing-out of nuclear energy. Second, participants are asked three questions concerning the perceived justice of financing green electricity; who should bear the cost of green electricity (all customers, solely customers consuming nonrenewable energy, or solely green electricity customers)?; who is regarded as being responsible for supporting green electricity (the market, the state, or both)?; should certain industrial consumers receive tax cuts, in order to sustain their internationals competitive position? Third, specific aspects of the promotion of green electricity are surveyed: should more expensive electricity generation technologies receive higher subsidies?; should the financial support be harmonized among European countries?; should Germany should bear more, the same, or less costs in this field than its European neighbors.
Finally, we assess the participants' sociodemographics, including age, sex, income, education, profession and religion. All answers are fed into the computer by selecting items (e.g. based on Likert-scales) from pre-defined lists. At the bottom of each computer screen, participants are informed about the number of remaining questions. Note that, in the results section, we will only comment on those variables which proved to be significant in the statistical analysis. α , which is the value of I α in equation (24) at which WTD and WTP were equivalent for a given P α . As can be taken from the table, 9 In order to prevent motivational biases, the questionnaire was to be answered after having solved the decision task. However, the following two questions were raised before running the proper experiment: We asked for the household size, because this information was needed to create a reasonable decision scenario. And, in order to prevent the questionnaire becoming influenced by the contents of the previous decision task, we also asked for a subjective estimate of the current share of green electricity in the total generation of electricity in Germany.
Results
under the PCS treatments the preferred level of green electricity was lower than under the ICS treatments (27% vs. 43%). However, after controlling for the supply effect, an P α of about 27% would have been on a par with an I α of about 90% -a figure that is distinctly higher than the actual 43%. The free-riding effect becomes most apparent when comparing WTP and WTD. The former (59 €) was almost three times larger than the latter (19 €).
The comparison between the DT and IT treatments is less compelling. If at all, the preferred level of green electricity and the contribution to the environment are a bit larger in the DT treatments than in the IT treatments. Such a result would contradict our fiscal-illusion hypothesis that IT involves less cost transparency and therefore leads to higher spending on green electricity. In order to test our hypotheses H1 (free riding) and H2 (fiscal illusion) we conducted an ANCOVA regression with the contribution to the environment as the dependent and the treatment variables as the independent variables. does not reject that spending on green electricity was equal in the IT and DT treatments. Since also the interaction term between the DT dummy and the ICS turned out to be insignificant, we conclude that our subjects did not suffer from fiscal illusion. The overall fit of the regression is quite satisfying, given that it accounts only for the pure treatment effects, which explain about 15% of the total variance. (large) households to underestimate (overestimate) the cost of increasing the green electricity share at the national level (though an interaction term between PCS and household sizes turned out to be insignificant). Income entered the regression as "OECD equivalent income", that is, the participants' household incomes were adjusted for household size using the OECD equivalence scale in order to allow for intra-household economies of scale. 10 The coefficient is significant and exhibits a positive sign. This result suggests that the participants perceive their contributions to the environment as a superior good. An increase of the equivalent income by 1000 € increased the average WTP/WTD roughly by 17 €. The significant negative coefficient of "age squared" indicates that WTP/WTD decreased with increasing age of 10 The OECD equivalence scale assigns a weight of 1 to the first household-member, a weight of 0.7 to the second household member and a weight of 0.5 to every further person in the household. Other scales (e.g. the quadratic scale) yield similar results.
participants. Somewhat surprisingly, not belonging to a religious group involved significantly higher payments than being a member of a religious group.
It remains to comment on the participants' attitudes with regard to their influence on WTP/WTD. Individual payments were positively affected by the support of government policies to phase out nuclear energy (dummy anti nuclear). Apart from ideological issues, this result reflects economic rationality: WTP/WTD corresponds to the marginal utility of green electricity, which must be higher for those who seek to substitute nuclear by renewable energy. A general distrust towards the market mechanism appears in the negative coefficient of the dummy variable "Costs should be borne by green electricity customers" (dummy benefit principle). Here, participants had to state whether the costs of financing green electricity should be covered by all customers (public-pays), by non-renewable customers (polluter-pays) or by green electricity customers (benefitor-pays). The regression analysis
shows that the proponents of the more market-oriented benefitor principle revealed significantly lower WTP/WTD for green electricity as compared to the other participants.
Summarizing, we find strong empirical support for the hypothesis that people's WTP for green electricity is higher when they decide collectively about the national level of the public good environmental quality and the individual tax burden as compared to a scenario where the promotion of green electricity is done at the individual level. Even although we control for the supply effect of fixing the level of green electricity promotion at the national level in the PCS, ruling out the possibility to free-ride on the contributions of other individuals almost triples the WTD. Furthermore, the regression analysis shows that individual payments for green electricity were sensitive to both sociodemograpic characteristics as well as general attitudes towards the promotion of green electricity.
Conclusion
In this paper, we have presented an experimental investigation of individual preferences for the consumption of green electricity under alternative payment vehicles for the promotion of renewably energy. The experiment involved a two-factorial design, enabling us to directly investigate the extent of free-riding in the sample. In the individual-choice scenario participants acted as market participants, while the public-choice scenario was designed as a majority vote on the preferred level of green electricity. The data analysis revealed a strong treatment effect concerning the decision mode: under the public-choice treatments, participants were willing to pay far higher contributions to green electricity than under the individual-choice treatments. This observation highlights the large extent of free-riding in the private provision of the public good "environmental quality". On the other hand, it also demonstrates that many household are willing to contribute voluntarily even if free-riding is possible. A standard explanation for this result is impure altruism, that is, people draw additional utility from the very act of giving ("warm glow of giving", Andreoni, 1989) . In contrast to other authors (Sausgruber and Tyran, 2005; Eckel et al., 2005) , we did not find evidence of the fiscal illusion, that is, differences in the perception of indirect and direct taxes.
We attribute this result to the fact that we made both taxes very transparent 11 and that we applied a between-participants design.
To sum up, opposed to other studies (e.g. Wiser, 2007) our results suggest, that the potential of market driven support for green electricity seems to be rather limited. Based on a between-subjects analysis, our experimental evidence indicates that people interpret the promotion of green electricity -the provision and improvement of environmental qualitymainly as a public duty. Individuals prefer binding collective contributions rather than individual market-driven activities in this field. This interpretation seems to be compatible with a more general statement of the political economy of environmental policy, i.e.voters (and also politicians) prefer an improvement of the environment by means of regulations and prohibitions instead of market-driven activities even if such kind of regulation can result in general economic inefficiencies (Schneider and Volkerts 1999). However, in terms of political economy, voters' behaviour is reducible to a certain kind of cost-illusion, that is, voters prefer regulations because they expect that environmental improvements are to be achieved without reducing the income of the average citizen (Kirchgässner and Schneider, 2003) . The results of our study doubt this argument of cost-illusion, because participants were willing to bear a significant reduction of income when they voted for regulation.
The question remains whether these preferences, obtained from a German sample, are affected by a certain culture of environmental policy, which exhibits a strong tradition in using command-and-control instruments. Halla et al. (2008) investigate the willingness to pay for environmental quality by means of multi-level data, based on contingent valuation studies conducted in 24 OECD countries. In these surveys WTP is modelled by respondent's attitudes towards the question, whether he is willing to give part of his income (i), or to agree to an increase in taxes (ii), if the extra money were used to prevent environmental pollution. As expected by the authors, both measures were highly positively correlated. According to the 11 It is a common point in public economics that increasing fiscal transparency helps to prevent distorted fiscal choices of voters and taxpayers, which otherwise contribute to an excessive public sector (see, for example, McGillivray and Morrissey, 2001). methodology of our paper the first measure of Halla et al. corresponds to the WTD, the latter is framed as an application of the WTP, where free-riding is ruled out. Whereas in the large majority of countries (e.g. United States and Great Britain) respondents state that they are more likely to voluntarily pay parts of their income instead of accepting higher taxes, only in two countries, namely Germany and Sweden, the opposite is valid: Acceptance of increasing taxes is higher than the acceptance to pay for environmental protection on a voluntary basis.
Obviously, preference statements reported in contingent valuation surveys cannot be directly compared with the results of experiments. However, controlling for differences in individual attitudes and cultural backgrounds on an international level stands out to be an interesting object of further experimental research on free-riding behavior.
